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Abstract 
The peak-concentration times of air quality indicators, reflecting transportation activity, were investigated using multilevel model 
at five ambient-air-quality monitoring stations in Surabaya, Indonesia. It was conducted from 2001 to 2002. It aimed to obtain 
spatial and temporal factors that affect the peak-concentration time. The results obtained are helpful for picturing traffic 
congestion in each zone using air-quality-monitoring data (i.e., NO concentrations). Spatially, it was found that congestion 
occurred later in the morning in suburban zones than in the three other zones (e.g., 55 and 14 min later than in the city center) and 
16 and 57 min earlier in the evening in the suburban zones than in the city center, suggesting tendency of delayed departure and 
earlier return on the suburban. In terms of season, for instance, in the highway zone, the peak time in the morning was as much as 
9 min earlier in the dry season than in the wet season, and the peak time in the evening was 17.5 min later in the dry season than 
in the wet season. This suggests that traffic congestion occurred over a longer period of the day during the dry season. Day-to-
day variation did not significantly affect the peak times. However on Sunday, the peak times in morning and evening are lowest 
and highest for all zones. This might be due to family-related activities, such as leisure and recreational activities. The full model 
did not mark significant improvement over the null model, meaning that more variables need to be incorporated to explain the 
variability of the peak time. 
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1. Background  
As the second largest city in Indonesia, Surabaya has experienced a rapid growth of urban development. It has 
both positive and negative effects. Positive effects include, but are not limited to, economic growth, an expansion of 
business activity, and an increase in personal income. The negative effects generally relate to land use, 
transportation, and the environment. One of the driving forces for such rapid urban development is an increase in 
population. More population leads to busier transportation and as a result, traffic flow tends to exceed available road 
capacity, and because public transportation cannot meet the demand, there is a large increase in private vehicles. 
The increase of population not only affects activities, but also the vehicle composition in Surabaya. It is contrary 
to the guidelines in the Indonesian Highway Capacity Manual (1997)1. Urban transportation options in Surabaya 
include buses, angkot (paratransit services), becak (three-wheeler non-motorized vehicles), and motorcycles2. 
Observations made at four main roads in Surabaya in 2010 revealed a ratio of light vehicles to heavy vehicles to 
motorcycles of around 3:1:83. This was in contrast to the composition of 7.5:1:4 recommended in the Indonesian 
Highway Capacity Manual (1997)1. It is suspected that new zoning, as a result of the population increase, has 
affected the vehicle composition, especially the addition of motorcycles. More motorcycles may mean that people 
are reducing travel time by avoiding driving larger vehicles in congested traffic on several main roads, as 
motorcycles can be maneuvered through dense traffic. Moreover, increased vehicle use leads to greater vehicle 
emissions. More than 70% of gas emissions are from vehicles2,3, and there have been emission guidelines for 
Indonesia since 1992.  
Emissions affect ambient air quality, and if the levels are above the permissible levels, the pollution will severely 
affect human health. To reduce this risk, one way is to manage and issue transport-related policies by considering the 
location case-by-case. Policy on one location may not be the same with other location. For instance, due to urban 
sprawl, suburban areas are developed and expanded, resulting to more residents and vehicles. The increase of 
inhabitants and the distance of these areas to the city center may cause congestion levels which might be earlier than 
other zones because people want to depart earlier. Analogously, the congestion level in the evening might occur 
more lately than other zones. Therefore, any policies that subject to time constraint has to pay attention to this time 
difference. It is important to define and determine time when congestion level reaches the peak and we can obtain 
this from traffic volume data.  
Unfortunately, continuous traffic volume data is difficult to obtain. One way is to characterize traffic volume via 
congestion level as depicted by peak-concentration times daily. The peak-concentration times can be analyzed by 
identifying the time when highest concentration of pollutants e.g., NO and NO2 occurring every day. When peak-
concentration times are obtained, the policy makers can consider these time frames for site-specific transport policy 
implementation, which is the significance of the present study. Moreover, day-to-day variation might also be 
different across zones, so that peak-concentration times will also differ, depends of air quality information on those 
zones. These air quality data can be obtained from monitoring stations. 
The stations not only continuously capture air quality in terms of SO2, PM10, NO2, CO, and O3 concentrations, but 
also record atmospheric variables, such as wind speed, temperature, wind direction, humidity, and solar radiation. 
Several studies conducted empirical analyses using such air quality data4,5,6. Studies have included investigations of 
the relationship between air quality and urban form7,8,9,10, although case studies have been described for other cities 
and meteorological reports4,11. Studies focusing on Surabaya itself are very limited because of data limitation. 
Examples of studies focusing on Surabaya were an assessment of the fluctuation of five air quality parameters during 
2001 and 2002, a report on the dominant air pollution from 2001 to 200512, a comparison of monitoring results for 
the annual mean concentrations of SO2, O3, CO, and NO2 from 2001 to 2004 with World Health Organization 
guidelines2, and an investigation of the mean value of air quality using 1-year data13. The exploration of determining 
peak-concentration times has not been done.  
The air quality data are used in multilevel modeling. Multilevel models are an expansion of the classical 
regression model in which data are grouped, with different coefficients being assigned to each group. This technique 
has been popular in many studies including investigations on properties and their relation to PM1014, housing 
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markets15, and land-use for crops16. The ultimate benefit of the multilevel model is that it allows random variation 
and explanatory variables to be incorporated within a model at different levels. 
In this paper, we use NO and NO2 concentrations as indicators because NO is a primary pollutant emitted by 
vehicles4,11,17 and NO2 is a secondary pollutant produced from NO in an atmospheric process. By observing the 
peaks of the two air-quality parameters, we can partially reveal spatial and temporal patterns in a region or city by 
distributing some monitoring stations. As far as the authors are aware, there has been no reported examination of the 
peaks of air-quality parameters in the morning and evening sessions of traffic flow using NO and NO2 data obtained 
from sensors (empirical data) in Surabaya as well as other cities. Due to severe high missing rate of air quality data 
after 2002, we use the data from 2001 to 2002. However, since the land use changes are not significant during over 
the past 10 years, with only changes in vehicle ownership, we believe the results of the study are still relevant to be 
considered in the present situation. 
Based on the background described above, in this study we examine: 1) the peak-concentration times across 
zones, 2) how peak-concentration times change every day by considering day-to-day variation, and finally 3) the 
magnitude of spatial and temporal variables that affect peak-concentration times. 
2. Materials and Methods 
2.1. Study Location and Data 
Surabaya is the capital city of East Java. It is located at 7e15Ą55ąS 112e44Ą33ąE and has a total area of 
2900.443 km2 and a population of more than two million people, with density of 8394 people/km2. The five 
monitoring stations listed below have operated in Surabaya since 2000. Fig. 1 shows the location of five monitoring 
stations in Surabaya. 
Fig. 1. Five monitoring stations in Surabaya 
x Yard of Achievement Park, Jl. Ketabang Kali (Station 1 or SUF 1), representation of Center of the City, housing, 
Office and Trading – Central Surabaya, located on Genteng District. 
x Yard of Village Chief Perak Timur, Jl. Selangor   (Station 2 or SUF 2) representation of housewares and 
industrial region – North Surabaya, located on Pabean Cantikan District. 
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x Yard of Assistance Major Office West Surabaya, Jl. Sukomanunggal (Station 3 or SUF 3) representation of 
housing region, suburban region of – West Surabaya, located on Sukomanunggal District. 
x Yard of Gayungan Subdistrict Office, Jl. Gayungan (Station 4 or SUF 4) represents housing region– near 
Surabaya Highway By Pass – Gempol – South Surabaya, located on Gayungan District. 
x Yard of Convention Hall, Jl. Arief Rahman Hakim (Station 5 or SUF 5) represents housing region, campus, 
office region– east Surabaya, located on Sukolilo District. 
 
Station 3 and 5 represent suburban areas, respectively referred as suburban area 1 and suburban area 2 in this 
paper. Suburban area 1 represents the Sukomanunggal region while suburban area 2 represents the Sukolilo region, 
located in eastern Surabaya. Stations 1, 2, and 4 represent the city center, trading zones, and highways, respectively. 
The locations of the monitoring stations are displayed elsewhere18. Sensors were installed 5 m above the ground. 
Mechanisms of the sensors are explained elsewhere19. 
We defined the peak-concentration time in the morning as the time when the highest (NO or NO2) concentration 
was obtained, from 4:00 am to 11:00 am; the period from 4:00 to 5:00 am was included to capture earlier activities. 
The peak-concentration time in the evening was defined as the time when the highest concentration was observed, 
from 3:00 to 10:00 pm; the period from 9:00 to 10:00 pm was included to capture more information on night traffic. 
The peak-concentration time was a dependent variable, expressed as the number of minutes from midnight. The 
selection of the time range of the morning session reflects people departing for routine (e.g., work) or non-routine 
(e.g., leisure and health) reasons, while selection of the time range of the evening session reflects people returning 
home for routine or non-routine reasons. 
 Air-quality data are presented in Table 1. A number in parentheses is a measure of the representativeness of the 
data, being the number of data divided by the number of all data available from February 2001 to September 2002 
(i.e., 607 data over 19 months). The data were available for 30-min intervals. Data were provided by the Air Quality 
Laboratory of the Environmental Agency of Surabaya City Government19. After thorough checking, we found that it 
was difficult to obtain complete information for the 19 months from the five monitoring stations because of faulty 
sensors that took a long time to repair. Missing values would affect the conclusions that can be drawn from the data. 
We thus applied missing value imputation using the Hmisc package and the R software to handle missing values. 
The data obtained are presented to show the patterns of concentrations of NO and NO2 in morning and evening peak 
sessions of traffic flow. 
To determine temporal and spatial effects on the NO and NO2 concentrations during peak morning and evening 
traffic, we used a multilevel model. Multilevel models were specifically designed for the statistical analysis of data 
having a hierarchical structure20,21. Such data were frequently obtained in many different studies, such as the analysis 
of pupils nested within schools, patients nested within hospitals, and air quality nested within monitoring stations. 
Nested data maight also arise because of specific research objectives. The nature of the multilevel model was that it 
allows different coefficients to be assigned to each group. The total variation in the NO or NO2 concentration during 
a peak-traffic session was divided into six groups: spatial (zonal) variations, long-term temporal variations (years) 
obtained using aggregate data, day-to-day (e.g., Monday, Tuesday) variations, day status (weekend or working day) 
variations, seasonal (dry and wet) variations, and intra-individual variations. We ran both a null model and a full 
model. The null model was used to analyze the variation quantitatively using a multilevel approach without the 
presence of explanatory variables. We then included explanatory variables to study how much of the variation 
obtained from the null model could be explained by these variables. Knowing which variables that did not reduce 
variation (in the full model), we could determine which aspects needed to be explored further and provide a future 
research direction. All data were processed employing multilevel analysis with the R open-source software. 
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            Table 1. Data distribution and missing rate (inside the bracket), all in percentage 
Monitoring Station (number) NO morning NO2 morning NO evening NO2 evening 
City Center (1) 96.07 (3.93) 97.2 (2.8) 96.07 (3.93) 97.36 (2.64) 
Trading zone (2) 92.75 (7.25) 89.62 (10.38) 92.75 (7.25) 89.3 (10.7) 
Suburban 1  (3) 92.1 (7.9) 93.41 (6.59) 92.1 (7.9) 93.41 (6.59) 
Highway zone (4) 92.26 (7.74) 92.75 (7.25) 92.26 (7.74) 93.1 (6.9) 
Suburban 2 (5) 50.74 (49.26) 51.24 (48.76) 50.74 (49.26) 50.58 (49.42) 
 
2.2. Multilevel model 
The peak-concentration times in the morning and evening sessions in this context not only differed between 
monitoring stations but also within stations and on different days. A multilevel approach could be applied to data 
having hierarchical structure (i.e., data that were classified into groups). It also allowed different coefficients to be 
applied to different groups22. The estimation of the timing of the peak traffic flow using air quality by station is 
written as 
 
ݕ௜௦௧ௗ௪௣௝ ̱ܰ൫ߚ଴௝ ൅ ߚ௝ݔ௜௦௧ௗ௪௣௝ ൅ ߛ௦௝ ൅ ߛ௧௝ ൅ ߛௗ௝ ൅ ߛ௪௝ ൅ ߛ௣௝ ൅ ߳௜௦௧ௗ௪௣௝ ǡ ߪ௬ଶ൯, for i = 1,…,n  (1) 
 
where 
 
yjistdwp  is the time of the peak flow during session j (morning or evening) of measurement i in station zone s in year t 
on day d on a working day or weekend w in season p; 
ߚ଴௝ǡ ߚ௝ are unknown parameters; 
Xjistdwp are explanatory variables including the spatial attributes (suburban, highway, or trading zone) of stations, 
temporal attributes (using the yearly aggregated peak for session j, day status (weekend or workday) w, and 
season p), and day-to-day (e.g., Monday or Tuesday) variation; and 
ߛ௦௝ǡ ߛ௧௝ǡ ߛௗ௝ǡ ߛ௪௝ ǡ ߛ௣௝ǡ ߳௜௦௧ௗ௪௣௝  are random components that indicate intraindividual measurements of the peak session, 
spatial variation, temporal variation (year), daily variation, day status, and season. 
 
With random components normally distributed 
 
ߛ௦௝̱ܰ൫Ͳǡ ߪ௦ȁ௝ଶ ൯ǡ ߛ௧௝̱ܰ൫Ͳǡ ߪ௧ȁ௝ଶ ൯ǡ ߛௗ௝̱ܰ൫Ͳǡ ߪௗȁ௝ଶ ൯      (2) 
ߛ௪௝̱ܰ൫Ͳǡ ߪ௪ȁ௝ଶ ൯ǡ ߛ௣௝̱ܰ൫Ͳǡ ߪ௣ȁ௝ଶ ൯ 
 
where σ2s|j, σ2t|j, σ2d|j, σ2w|j, and σ2p|j are variances in the random components, which are assumed to be uncorrelated. 
The variance matrix can be formulated as 
 
ܸܽݎ൫ݕ௜௦௧ௗ௪௣௝ ȁߚ଴௝ǡ ߚ௝ǡ ݔ௜௦௧ௗ௪௣௝ ൯ ൌ ߪ௦ȁ௝ଶ ൅ ߪ௧ȁ௝ଶ ൅ ߪௗȁ௝ଶ ൅ ߪ௪ȁ௝ଶ ൅ ߪ௣ȁ௝ଶ     (3) 
 
First, we considered the model without explanatory variables—the null model. With this model, we could assess 
why the peak morning and evening sessions fluctuate on the basis of the components of ܸܽݎ൫ݕ௜௦௧ௗ௪௣௝ ൯. We then 
included explanatory variables (in the full model), and total variation in yjistdwp could be calculated as 
 
ܸܽݎ൫ݕ௜௦௧ௗ௪௣௝ ൯ ൌ ܸܽݎ൫ߚ௝ݔ௜௦௧ௗ௪௣௝ ൯ ൅ ߪ௦ȁ௝ଶ ൅ ߪ௧ȁ௝ଶ ൅ ߪௗȁ௝ଶ ൅ ߪ௪ȁ௝ଶ ൅ ߪ௣ȁ௝ଶ     (4) 
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All estimated variation components of the random components in the full model should theoretically be smaller than 
those in the null model because ܸܽݎ൫ݕ௜௦௧ௗ௪௣௝ ൯ explains a portion of the total variation. It was expected that an increase 
in the effect of explanatory variables would decrease the sum of variances ߪ௦ȁ௝ଶ ൅ ߪ௧ȁ௝ଶ ൅ ߪௗȁ௝ଶ ൅ ߪ௪ȁ௝ଶ ൅ ߪ௣ȁ௝ଶ .  
It was important to know how much of this variation could be explained by the injected variables. The main purpose 
was to identify which explanatory variables were still lacking and the research direction that should be taken. 
3. Results and Discussion 
In this study, we explored how spatial variables (the time, season, and day) affect the peak times of NO and NO2 
concentration. NO and NO2 concentrations acted as dependent variables while the others were independent 
variables. However, each of these was obtained from five different monitoring stations, and the data were thus 
clustered (nested) by monitoring station. This structure could not be handled using ordinary least square (OLS) 
regression.  
3.1. Spatial Analysis on Peak Concentration Time 
First, we would like to determine the factors that affect the peak-concentration times for both NO and NO2 in 
morning and evening sessions of traffic flow. To achieve this, we ran a null model, without injecting explanatory 
variables, as shown in Table 2. 
The null model estimated the random part of the variation and visualized shares among five different random 
factors for morning and evening sessions. It was seen that intraindividual measurement (measurement of the peak 
time in each zone) contributed the most (89%–96%) to variation in the peak time for both sessions of NO and NO2. 
For example, in the NO null model, the variation of the peak-concentration time was 5262.745, whereas the total 
variation was 5848.75; thus, the share for this particular item was 90%. The shares for the NO2 null model in the 
morning session and the NO and NO2 null models in the evening session were 84.82%, 92.3%, and 95.3%, 
respectively. This result indicates that the peak-concentration times in the morning and evening sessions were 
strongly affected by factors that were dynamic and changing from time to time, such as transportation and/or 
meteorological factors. 
Spatial effects accounted for the second-largest proportion (1%–14%) of the total variation. However, the spatial 
effects varied significantly in both morning and evening sessions. We would then investigate whether the 
introduction of explanatory variables significantly reduced variation, in particular, the intraindividual variation. 
For the NO indicator, the morning peak concentration in suburban area 1 (Sukomanunggal) lagged than in the city 
center by 55.493 min. The difference was statistically significant. This result may indicate late congestion in 
Sukomanunggal. The pattern obtained for the NO indicator was supported by results for the NO2 indicator, showing 
delayed congestion in suburban area 1 (a lag of 42.257 min, statistically significant). The peak of the concentration 
of NO in the morning had the temporal order (from latest to earliest) of suburban area 1, suburban area 2, the trading 
zone, the highway zone, and the city center. The peak-concentration time in the trading zone lagged than in the city 
center by 12 min (i.e., it is 45 min earlier than that in suburban area 1), whereas the peak-concentration time in the 
highway zone lagged than in the city center by only 5 min. Except for highway and trading zones, all estimates were 
statistically significant at the 95% confidence level with a t-statistic greater than 1.64. This result suggests a 
tendency that congestion in the city center occurred earlier than that in other zones which was commonly observed 
because the city center received traffic from all sectors. However, this result is not in agreement with our previous 
premise that congestion level in the suburban tends to take place earlier.  
The pattern of the peak-concentration times for NO2 in the city center, highway zone, suburban area 2, and 
trading zone in the morning session was the opposite of the pattern for NO. For example, the peak time in the 
highway zone was later than that in the city center for the NO indicator but earlier than that in the city center for the 
NO2 indicator. The same reversal was seen for suburban area 2 and the trading zone. This was related to the complex 
reaction of NO converting to NO2, where a higher NO concentration led to a longer reaction process. The difference 
time pattern between NO and NO2 may indicate the volume of vehicles passing along roads near a particular 
monitoring station. Suburban area 1 had a later peak-concentration time for both NO and NO2 than other zones. This 
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reflects that congestion in Sukomanunggal lagged than in other areas, suggesting the possibility that people avoid 
traffic jams by delaying their travel in Sukomanunggal, by departing for work later. 
The peak-concentration times extracted from the multilevel model for suburban area 2, the trading zone, suburban 
area 1, and the highway zone were 57.3, 26.442, and 7.86 min earlier than that in the city center (statistically 
significant, except for the highway zone). The peak-concentration time of the NO result suggested that people in 
suburban areas returned home earlier as a result of wanting to avoid traffic congestion. Additionally, it was observed 
that the peak time in the evening session in the trading zone was earlier than that in suburban area 1 and the highway 
zone, suggesting commercial transportation activity in which goods were transported away from Surabaya. It might 
be inferred that companies effectively transport goods by instructing drivers to leave earlier in the evening. We 
confirmed the early peak time in the evening using the NO2 indicator (–18 mins earlier than city center, statistically 
significant). 
     Table 2. Estimation results from each zones for peak concentration time using multilevel regression 
Parameters Morning Peak Evening peak 
Null Full Null Full 
NO NO2 NO NO2 NO NO2 NO NO2 
A. Intercept         
B. Fixed Part 402.20 
(34.56) 
479.44 
(36.28) 
381.652 
(31.579) 
487.263 
(43.50) 
1164.24 
(64.48) 
1140.03 
(93.3) 
1194.629 
(63.40)  
1124.647 
(63.00) 
Spatial (city center=0) 
Suburban1 [D] - - 55.5 
(6.954) 
42.257 
(5.70) 
- - -16.47 
(-1.28) 
3.41 
(0.28) 
Suburban2 [D] -  - 14.481 
(1.814) 
-30.35 
(-4.09) 
- - -57.282 
(-4.46)  
7.71 
(0.64)  
Highway [D] - - 5.239 
(0.656) 
-11.516 
(-1.55) 
- - -7.86 
(-0.61)  
10.231 
(0.84) 
Trading [D] - - 10.132 
(1.269) 
12.01 
(1.62) 
- - -26.442 
(-2.06)  
-17.99 
(-1.48) 
 
Long term (years) - - 8.943 
(1.767) 
-2.48 
(-0.53) 
- - -10.29 
(-1.31) 
-9.268 
(-1.22) 
Seasons [D, wet = 0] - - -7.956 
(-1.567) 
-9.312 
(-1.98) 
- - -26.457 
(-3.25) 
17.491 
(2.48) 
Day-to-day variation (Monday=0) 
Tuesday - - -10.352 
(-1.097)  
-9.1 
(-1.04) 
- - 11.817 
(0.83) 
20.576 
(1.53) 
Wednesday - - -2.957 
(-0.313) 
-0.4424 
(-0.05) 
- - 2.75 
(0.19)  
13.739 
(1.02) 
Thursday - - -3.4 
(-0.361) 
5.2723 
(0.60) 
- - 18.661 
(1.31)  
12.48 
(0.93)  
Friday - - 3.564 
(0.378) 
-2.314 
(-0.26)  
- - 33.213 
(2.32) 
9.511 
(0.71) 
Saturday - - -9.4 
(-0.998) 
5.41 
(0.62) 
- - 34.25 
(2.40) 
30.822  
(2.30) 
Sunday - - -18.069 
(-1.917) 
-12.9655 
(-1.48) 
- - 38.195 
(2.67) 
50.552 
(3.77) 
Random Part         
Spatial variation (zones) 482.183  730.7203 23.184 20.0152 473.273 106.67 61.314 55.981 
Temporal (years) 35.407 0.2051 9.248 7.87 45.126 34.76 22.21 21.73 
Day to Day variation 41.169 37.081 32.318  27.9974 216.1 251.54 72.31 65.345 
Seasonal 27.251 43.162 9.214 7.87 346.99 142.087 24.076 17.486 
Intra-variation 5262.745 4530.8 5262.71 4530.897 12936.5 10684.3 12936.57 10684.23 
Performance        
AIC 34656  34203  34585  34133 37386  36802  37304  36725 
BIC 34692  34239  34694  34241  37422  36838  37412  36834  
Log likelihood -17322 -17095 -17275 -17049 -18687 -18395 -18634 -18345 
 
The result above shows that suburban area 2 had the earliest peak concentration of NO among zones. This means 
that congestion in Sukolilo occurred earlier. Late peak-concentration times were observed in the city center, highway 
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zone, and suburban area 1. These results are considered to reflect a normal situation because there was traffic 
congestion in the inner city, while late congestion on the highways reflects people returning home after working in 
Surabaya. This may also explain why there was a late peak-concentration time in suburban area 1, dominated by 
residential areas; that was, people are returning home from the city. 
3.2. Temporal analysis of peak concentration time 
We observed the difference in peak-concentration times in 2001 and 2002, with the year taken as a temporal 
variable. In multilevel analysis, the peak-concentration time for NO in the morning session was later in 2002 than in 
2001 (by 8.94 min, t-statistic of 1.77). In contrast, the peak time for NO in the evening session was earlier in 2002 
(by 10.29 min). The trend was the opposite for the NO2 indicator in the morning session; the peak time was 2.48 min 
earlier in the morning session and 9.27 min earlier in the evening session in 2002. 
Seasons affect air quality, but how they affected the peak-concentration time remains to be answered. We 
explored how dry and wet seasons affected the peak-concentration times in morning and evening sessions. From 
multilevel analysis, we noted that the peak-concentration time for NO in the dry season was earlier than that in the 
wet season, in both the morning session (by 7.96 min) and the evening session (by 26.46 min, statistically significant 
at the 95% confidence interval). In contrast, the peak-concentration time for NO2 was earlier in the wet season in the 
morning and later in the wet season in the evening. Overall, by considering NO to be the primary pollutant, we 
conclude that congestion occurred earlier during the dry season in both the morning and evening compared with the 
case for the wet season.  
In the city center, we found that the mean peak-concentration time for NO (Table 3) in the morning session was 
later in the wet season (387.39 min) than in the dry season (381.80 min), and this phenomenon was confirmed by the 
NO2 indicator. The distributions and median values were similar for the two seasons. Interestingly, all other zones 
also had earlier mean peak-concentration times in the dry season than in the wet season. Additionally, suburban area 
1 had a more compact distribution and earlier median value during the dry season. This suggests that transport 
activities were carried out earlier because of clear weather during the dry season whereas there was slight delay in 
the congestion level in the rainy season in response to rain. 
            Table 3. Mean value of peak-concentration time on morning session between seasons 
Zones NO NO2 
Wet Dry Wet Dry 
City Center 387.39 381.80 485.241 471.97 
Highway 389.63 389.016 467.68 462.46 
Suburban1 456.72 428.197 521.328 516.31 
Suburban2 396.72 399.67 447.39 444.6 
Trading 395.73 393.115 503.28 478.03 
              Table 4 Mean value of peak-concentration time on evening session between seasons 
Zones NO NO2 
Wet Dry Wet Dry 
City Center 1218.672 1160.57 1140.62 1141.97 
Highway 1190.041 1166.39 1129.42 1166.31 
Suburban1 1165.643 1168.18 1126.06 1157.21 
Suburban2 1159.42 1104.59 1154.19 1145.82 
Trading 1160.415 1155.08 1110.87 1131.72 
 
A similar pattern was observed for the evening session, where the peak-concentration time for NO during the dry 
season was earlier than that during the wet (rainy) season. For example, in the city center, there was a delay in the 
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mean peak-concentration time by as much as 58 min (Table 4) and a wider distribution of the peak time (Fig. 4), 
while there was a time difference of 23 min in the highway zone, 54 min in suburban area 1, and 5 min in the trading 
zone. In suburban area 1, the peak concentration in the wet season was as much as 2 min later than that in the dry 
season, indicating that people tend to conduct activities later in the wet season. Overall, the peak-concentration times 
in the city center, suburban zones, and highway zone were later in the wet season than in the dry season as expected.  
4. Conclusions 
We presented and discussed a method of using air quality data recorded at monitoring station to reveal an insight 
about peak-concentration times of NO and NO2 in morning and evening sessions. The spatial and temporal factors 
assisted for explaining the changes of peak-concentration times. Since concentrations of NO and NO2 were mostly 
emitted by vehicles, therefore it is safe to assume that peak-concentration times happened when the traffic 
congestion occurs. Spatially, we could observe the character of peak time in the morning and evening session. Based 
on NO, we found that the peak time in the city center occurred earlier than other zones in both morning session and 
evening session. This breaks our assumption that due to distance, peak time on suburban might occur earlier than 
city center in the morning and later in the evening. In fact, the opposite was true. This may indicate people’s 
behavior in the suburban which delayed their departure time in the morning and made earlier their return to their 
home.  
Temporally, the congestion level as indicated by peak time during dry season took place earlier than during wet 
season both in the morning and evening. This result shows something different with what we expected that, on wet 
season, we assumed peak time to be earlier in the morning and later in the evening due to weather situation e.g., rain. 
However, this suggests consistency of congestion interval between dry season and wet season. Instead having wider 
interval of congestion level, it shifted towards earlier time. This depicts earlier departure and earlier return back to 
home of people from suburban areas. Other activities were not discussed in this study. 
The effect of days influenced peak-concentration times although most variables were found to be insignificant. 
However, we observed that Sunday to be significant day that has different peak time. The estimate of Sunday tell us 
that during that day people depart earlier time compared with other days, vice versa they return later compared to 
other days. The peak-concentration time in Sunday had widest interval. This fact implies that activities related to 
family happened on the weekend.  
The peak-concentration times highly differed between zones, however there were another factors besides spatial 
and temporal factors that highly contributed to the dynamic of peak time as captured by intra-variation values. The 
information of peak time was useful for regulatory policy makers to obtain information about congestion level on 
each location and further this could be elaborated to formulate best time frame for transport-related policy 
management in particular to reduce the risk of people get exposed to severe pollution level.  
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